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be  accomplished  is  through  the  use  of  stick  propellants,  which  produce  natural 
flow  channels  when  bundled  into  a  charge. 
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grain  geometry  on  the  development  of  pressure  waves  in  guns.  Specifically, 
several  slotted-  and  unslotted-s tick  M30A1  propellants  are  considered.  A 
series  of  preliminary  studies  of  these  propellants  is  briefly  described, 
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charges  using  a  two-phase  flow  interior  ballistic  model.  We  present  a 
detailed  description  of  firing  tests  at  ambient,  reduced,  and  elevated 
temperatures  using  these  propellants  in  full-bore,  base-ignited,  155-mm  bagged 
charges,  specifically  designed  to  promote  the  formation  of  pressure  waves.  By 
comparison  with  a  previous  study,  the  results  indicate  improved  performance, 
as  evidenced  by  decreased  pressure-wave  levels,  in  progressing  from  granular 
to  stick  propellants.  It  is  also  shown,  for  the  lots  tested,  that  the 
temperature  coefficient  of  pressure,  AP/AT,  is  dependent  on  the  geometry,  such 
that  the  ambient-to-hot  coefficient  for  the  slotted-s tick  propellant  is  twice 
that  for  the  unslotted-st ick  propellant. 
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I*  INTRODUCTION 


Over  the  past  several  years,  we  have  gained  an  increased  appreciation  of 
the  importance  of  many  nonclassical  charge-design  parameters  in  the  ignition 
and  flamespread  portion  of  the  interior  ballistic  process.  Unfortunately,  we 
have  also  learned,  through  a  string  of  gun  ammunition  malfunctions,  that 
events  taking  place  during  this  critical  time  may  have  a  profound  impact  on 
the  overall  interior  ballistic  performance,  sometimes  to  the  point  of 
catastrophic  overpressures  in  the  gun.  Such  areas  identified  for  particular 
attention  include  the  details  of  the  igniter  functioning,  propellant- bed 
permeability,  distribution  of  ullage  in  the  chamber,  and  packaging  components, 
both  inert  and  energetic.  Properly  understood  and  used,  each  of  these  areas 
can  be  exploited  in  the  design  of  safe  and  reliable  charges  and  many  studies 
have  been  completed  or  are  in  progress  to  accomplish  this.  The  investigation 
reported  herein  addressed  one  particular,  critical  design  area,  namely,  the 
propellant-bed  permeability,  and  the  extent  to  which  it  might  be  improved 
through  the  use  of  stick  propellants. 

We  have  previously  discussed1  the  detailed  phenomenology  of  granular 
propelling  charges,  an  example  of  which  is  shown  schematically  in  Figure  1.  On 
that  occasion,  we  drew  particular  attention  to  the  details  of  primer 
impingement  on  the  base  of  the  charge,  system  dependence  of  igniter  output, 
convective  heating  of  the  grains  leading  to  flamespread,  the  drag  presented  to 
the  combustion  gases  due  to  the  packed  propellant  bed,  excitation  of  axial 
pressure  waves,  movement  of  the  solid  phase,  and  the  accompanying  potential 
for  fracture  of  the  propellant.  Here  we  wish  to  address  many  of  those  same 
phenomena,  with  particular  reference  to  stick  propelling  charges,  an  example 
of  which  is  illustrated  schematically  in  Figure  2.  Ideally,  we  would  expect 
the  early  part  of  the  cycle  to  proceed  as  follows:  The  primer  output  strikes 
a  basepad  igniter  and  as  the  basepad  burns,  its  output  impinges  upon  the  base 
end  of  the  propellant  sticks.  The  igniter  gases  convectively  heat  the  stick 
propellant  ends  to  ignition,  and  then  flamespread  proceeds  easily  down  the 
length  of  the  charge,  with  the  motion  of  hot  gases  essentially  unimpeded  by 
the  propellant  bed,  due  to  the  flow  channels  offered  by  the  bundled  stick 
propellant.  This  lack  of  flow  resistance  greatly  reduces  the  drag  on  the 
solid  phase,  and  hence  its  movement.  The  open  channels  also  present  a 
mechanism  for  equilibration  of  pressure  over  the  length  of  the  chamber,  again 
reducing  the  potential  for  propellant  motion  and  leading  to  a  much-diminished 
potential  of  axial  pressure  waves. 

This  simplified  analysis  neglects  several  of  the  details  that  may  greatly 
impact  the  overall  interior  ballistic  process.  For  example,  it  is  not  known 
at  what  point  the  flame  penetrates  the  perforation.  Indeed,  the  concept  of 
flamespread  in  a  stick  propelling  charge  may  not  be  well-defined.  Due  to  the 
permeability  resulting  from  the  stick  geometry,  the  entire  chamber  may  be 
bathed  by  igniter  and  early  combustion  gases  so  that  ignition  occurs  at  all 
points  along  the  length  of  the  charge  almost  simultaneously.  In  addition,  the 
propellant  sticks  may  be  fractured  through  a  number  of  mechanisms.  The  ends 


i 

A.W.  Horst  and  T.C.  Minor,  "Ignition-Induced  Flow  Dynamics  in  Bagged-Charge 
Artillery,"  ARBRL-TR-02257,  Ballistic  Research  Laboratory,  USA  ARRADCOM, 
August  1980  (AD  A090681  ). 
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at  the  charge  base  may  be  fractured  by  the  output  of  a  brisant  igniter,  and 
the  forward  end  may  be  fractured  by  impact  of  the  charge  on  the  projectile 
base,  should  the  charge  move.  The  grains  may  also  fail  due  to  the  internal 
pressurization  of  the  perforation.  In  all  of  these  instances,  unprogrammed 
burning  surfaces  are  created,  which  could  lead  to  locally  high  pressurization. 
In  addition,  the  stick  grain  fragments  might  obstruct  the  channels  between  the 
sticks,  placing  the  charge  in  a  hydrodynamic  configuration  similar  to  a 
granular  charge,  with  the  attendant  potential  for  exacerbation  of  pressure 
waves. 

A  previous  study  at  the  Ballistic  Research  Laboratory2  investigated  the 
effect  of  the  propellant  granulation  on  ignition  and  flamespread,  as  evidenced 
by  the  formation  of  axial  pressure  waves.  Charges  employing  7-,  19-  and  37- 
perforation  M30A1  propellants,  designed  to  yield  performance  equal  to  that  of 
the  155-mm,  M203  Propelling  Charge,  were  fired  in  a  full- bore,  base-ignited 
configuration  specifically  selected  to  promote  the  formation  of  pressure 
waves.  That  study  demonstrated  the  importance  of  grain  size  to  bed 
permeability,  and  hence  to  the  evolution  of  pressure  waves,  with  the  larger 
37-perforation  grains  yielding  better  performance  than  the  19-perforation 
grains,  which  were  in  turn  better  than  the  7- perforation  grains.  In  addition, 
it  was  shown  that  stacking  or  even  partially  stacking  the  granular  propellants 
increased  the  bed  permeability,  effecting  a  slight  decrease  in  pressure  waves. 
As  a  logical  follow-on  to  that  investigation,  this  study  examined  the  degree 
to  which  stick  propellants,  with  an  even  more  favorable  geometry,  would 
mitigate  the  formation  of  pressure  waves  when  fired  under  the  same 
circumstances. 

A  secondary  objective  of  this  study  addressed  the  question  of  propelling- 
charge  temperature  coefficients.  It  was  found^  that  155- mm,  M203  Propelling 
Charges  made  with  7-perforation  M30A1  Propellants  manufactured  by  Radford  Army 
Ammunition  Plant  prior  to  1977  exhibited  temperature  coefficients  of  pressure 
(A P/AT,  the  ratio  of  the  increase  in  maximum  chamber  pressure  to  the  increase 
in  the  temperature  of  the  charge  at  the  time  of  firing)  on  the  order  of  0.8 
MPa/°C.  However,  for  reasons  that  are  not  yet  clear,  propellants  produced  by 
Radford  in  1979  had  temperature  coefficients  that  were  as  high  as  1.8  MPa/°C. 
This  unexplained  increase  in  the  temperature  coefficient  can  have  obviously 
detrimental  consequences  on  system  performance  at  elevated  temperatures  for 
charges  that  are  assessed  for  a  specific  ambient  performance.  Since  this 
study  had  occasion  to  examine  stick  propellants  produced  during  both  time 
periods,  it  seemed  an  excellent  opportunity  to  determine  whether  they  followed 
the  same  production- period  dependency  of  the  temperature  coefficients  as  did 
the  granular  propellants. 


p 

A.W.  Horst,  J.R.  Kelso,  J.J.  Rocchio,  and  A.A.  Koszoru,  "The  Influence  of 
Propellant  Grain  Geometry  on  Ignition-Induced,  Two-Phase  Flow  Dynamics  in 
Guns,”  ARBRL-MR-02989,  Ballistic  Research  Laboratory,  USA  ARRADCOM,  February 
1980  (AD  A083289). 

-*A.W.  Horst,  J.R.  Kelso,  and  K.J.  White,  "Propelling-Charge  Temperature 
Coefficients:  Sources  of  Disparity,"  Proceedings  of  17th  JANNAF  Combustion 

Meeting,  CPIA  Publication  329,  Vol.  II,  pp.  69-86,  November  1980. 


II.  PRELIMINARY  STUDIES 


A.  Propellant  Grain  Design 

^  Using  an  updated  version  of  a  standard  lumped-parameter  interior 
ballistic  model,  slotted  and  unslotted,  M30A1  sti ck- propellant  grains  were 
designed  to  yield  155-mm,  Zone-8  performance;  specifically,  the  goals  were  a 
peak  chamber  pressure  of  328  MPa  and  a  velocity  of  826  m/s.  The  sticks  were 
designed  to  be  737  mm  long,  with  equal  perforation  diameter  and  web.  Orders 
for  three  propellant  lots  were  placed  with  Radford  Army  Ammunition  Plant:  two 
slotted-stick  lots  with  webs  smaller  and  larger  than  the  calculated  value,  and 
one  unslotted-stick  lot  with  the  calculated  web.  Upon  production  by  Radford, 
the  three  lots  of  propellants  had  webs  on  the  order  of  six  percent  larger  than 
those  specified.  The  slotted-stick  lots  were  RAD-2E-480-53  and  RAD- PE-4 80-54, 
and  had  the  smaller  and  larger  web,  respectively.  Lot  RAD- PE-480-55  was  the 
unslotted  lot.  In  addition  to  these  three  lots,  there  were  available  two 
other  lots  of  M30A1  stick  propellants  686  mm  long,  produced  for  a  previous 
study^  to  replace  the  7-perforation  propellant  in  the  M203  Propelling  Charge. 
These  lots,  RAD-PE-472-1 1  and  RAD- PE-472-1 2,  were  of  special  interest  since 
they  were  extruded  from  the  same  die,  with  Lot  RAD- PE-472- 1  1  slotted  in  the 
process,  but  not  Lot  RAD-PE-472-1 2.  Samples  of  all  five  stick  propellant  lots 
are  shown  in  Figure  3.  Propellant  description  sheets  for  all  five  lots  are 
included  in  Appendix  A. 

B.  NOVA  Simulations 

The  NOVA  Code^  was  used  to  assess  the  relative  performance  in  pressure- 
wave  reduction  with  a  stick-propellant  charge  in  comparison  with  a  granular- 
propellant  charge.  NOVA  consists  of  a  two-phase  flow  treatment  of  the 
interior-ballistic  cycle,  formulated  on  the  assumption  of  quasi-one- 
dimensional  flow,  i.  e.,  one-dimensional  with  area  change.  Since  the  charges 
to  be  examined  in  this  study  were  to  be  fired  in  a  full-bore,  base-ignited 
configuration,  in  order  to  promote  the  formation  of  pressure  waves,  they  were 
of  an  appropriate  geometry  for  simulation  by  the  one-dimensional  NOVA  Code. 
Input  data  for  the  simulations,  including  propellant  burning  rate  and  bore 
resistance,  were  independently  determined.  Figure  4  presents  a  portion  of 
some  NOVA  calculations  derived  from  the  study  mentioned  previously^  that 
demonstrated  the  efficacy  of  19-  and  37-perforation  geometries  in  reducing 


^P.G.  Baer  and  J.M.  Frankie,  "The  Simulation  of  Interior  Ballistic  Performance 
of  Guns  by  Digital  Computer  Program,"  R  1183*  Ballistic  Research 
Laboratories,  December  1962  (AD  299980). 

5S.  Weiner,  "Investigation  of  Stick  Propellant  for  155-mm  Howitzer,  XM198," 
Interim  Memorandum  Report,  Picatinny  Arsenal,  Dover,  NJ,  July  1975. 

6P.S.  Gough,  "The  NOVA  Code  -  A  User's  Manual,"  PGA-TR-79-5,  Paul  Gough 
Associates,  Portsmouth,  NH,  September  1979. 

^A.W.  Horst  and  T.R.  Trafton,  "NOVA  Code  Simulation  of  a  155-mm  Howitzer:  An 
Update,"  ARBRL-MR-02967*  Ballistic  Research  Laboratory,  USA  ARRADCOM,  October 
1979  (AD  A079893). 
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Figure  3.  Sample  Slotted-  and  Unslotted-Stick  Propellants 
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Figure  4.  Comparison  of  NOVA  Predictions  for  Pressure-Difference 
Profiles  (Reference  2) 


Figure  5.  Closed-Bomb  Burning  Rates  for  Stick  and  Seven-Perforation 
M30A1  Propellants 
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pressure  waves.  These  traces  simulate  the  record  that  would  be  obtained  if 
the  pressure  measured  at  the  front  of  the  chamber  were  subtracted  from  that 
measured  at  the  breech.  The  initial  reverse-pressure  gradient,  shown  as  -AP^, 
is  used  as  a  quantifier  of  the  severity  of  the  pressure  waves.  To  the 
previous  curves,  we  have  added  the  NOVA  prediction  for  one  of  the  stick 
propellants  used  in  this  study.  The  progressive  improvement  in  the  reduction 
of  pressure- wave  levels  from  the  smaller  7-perforation  to  the  larger  37- 
perforation  grain  is  readily  apparent.  Furthermore,  the  improvement  that  we 
would  intuitively  expect  with  the  very  favorable,  low-drag  stick  configuration 
is  borne  out  by  the  calculation. 

C.  Closed- Bomb  Studies 

Q 

Closed-bomb  tests0  were  conducted  for  each  of  the  five  stick-propellant 
lots  examined  in  this  study.  The  results  from  two  of  the  lots,  one  slotted 
and  one  unslotted,  are  shown  in  Figure  5.  Each  trace  is  a  composite  of  three 
firings  in  the  bomb.  For  comparison,  the  burning  rate  for  a  standard  seven- 
perforation  M30A1  propellant  for  the  155-mm,  M203  Propelling  Charge  is  also 

shown.  For  these  burning  rate  determinations,  the  sticks  were  cut  into  229-mm 
lengths  in  order  to  be  accommodated  by  the  700-cm3  bomb.  A  2-g  FFFG  igniter 
was  employed  for  each  shot.  For  all  of  the  lots,  the  unslotted- stick 
propellants  displayed  a  higher  apparent  burning  rate  than  did  the  slotted- 
stick  propellants,  particularly  below  approximately  70-100  MPa.  These  results 
had  little  bearing  on  the  charge  assessment,  however,  since  most  of  the 
burning  rate  data  became  available  only  after  the  completion  of  the  howitzer 
firing  program. 


III.  155-mm  HOWITZER  FIRINGS 
A.  Fabrication  of  Charges 

The  full-bore,  stick  charges  were  fabricated  using  components  from  155- 
mm,  M203E1  Propelling  Charges.  The  bag,  from  which  the  lead  and  wear-reducing 
liners  had  been  removed,  was  modified  by  inserting  a  tapered  wedge  of  cloth 
into  its  circumference  to  form  a  sleeve  with  a  base  of  170-mm  diameter  at  the 
spindle  end  and  a  160-mm  diameter  opening  at  the  other  end.  The  "kidney,"  or 
central  cloth  sleeve  which  holds  the  center  core-igniter  assembly,  was  also 
removed.  Stick  propellant  packs  so  densely  that  the  mass  required  for  Zone- 8 
ballistics  when  simply  bundled  together  would  have  produced  a  package  that  was 
considerably  subcaliber.  In  order  to  obtain  a  fair  test  of  the  effect  of  this 
sti ck- propellant  geometry  on  flow  dynamics  for  comparison  to  the  earlier 
granular- propellant  studies,2  it  was  necessary  to  load  the  stick  propellant  to 
approximately  the  same  initial  porosity  as  the  granular;  i.  e.,  some  way  was 
required  to  spread  the  sticks  radially  so  that  the  charge  was  full- bore.  This 
was  accomplished  by  making  a  linear  train  of  sticks  laid  side  by  side,  taping 
them  into  a  "venetian-blind"  configuration,  and  rolling  the  propellant  into  a 
bundle  with  thin  strips  of  cardboard  interleaved  in  the  spiral  so  that  the 
final  full-bore  dimensions  resulted.  This  roll  of  propellant  sticks  was 
placed  inside  the  modified  bag  and  the  end  cap  was  affixed  and  sewn  closed. 
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Basepads  were  prepared  by  altering  the  standard  8-inch  M2  basepads.  A 
circular  pouch,  38  mm  in  diameter,  was  sewn  in  the  center.  Fourteen  grams  of 
Class-5  Black  Powder  were  inserted  into  this  pouch  and  the  balance  of  the 
basepad  was  filled  with  56  g  of  Clean  Burning  Igniter  (CBI).  The  finished 
basepads  were  tied  to  the  larger  end  of  the  loaded  charges  and  the  whole 
assembly  tightly  laced  and  adjusted  to  final  full-bore  dimensions  with  a 
lacing  jacket.  Flash-reducer  bags  were  not  added  to  the  charges.  Figure  6 
schematically  depicts  the  charges  as  fired  in  this  study. 

B.  Test  Procedures 

All  firings  were  conducted  at  the  Ballistic  Research  Laboratory  in  a  1 55— 
mm,  Ml 85  Cannon,  modified  to  provide  a  chamber  configuration  similar  to  that 
of  the  M 1 99  Cannon.  As  shown  in  Figure  7,  multiple-station  pressure- time  data 
and  differential  pressures  were  measured  using  Kistler  607C3  piezoelectric 
transducers.  These  gages  were  calibrated  before,  during,  and  after  the 
testing.  Solenoid  coils  placed  approximately  20  m  and  35  m  from  the  muzzle 
were  used  to  determine  projectile  velocities.  Ignition  delays  were  recorded 
by  measuring  the  interval  between  the  time  the  firing  voltage  was  applied  to 
the  gun  and  the  time  at  which  the  signal  recorded  by  the  spindle-pressure  gage 
began  to  rise. 

All  charges  were  conditioned  in  plastic  bags  at  the  desired  temperatures 
for  at  least  24  hours  prior  to  firing.  With  the  exception  of  one  round,  no 
more  than  three  minutes  elapsed  between  the  time  at  which  the  charge  was 
removed  from  the  conditioning  box  and  the  shot.  For  all  but  the  last  series 
( shor tened-stick  charges),  the  charges  were  loaded  into  the  cannon  chamber 
with  zero  standoff  distance  between  the  spindle  face  and  the  base  of  the 
charge  to  increase  the  likelihood  of  strong  base  ignition  and  large  pressure 
waves.  Hardware  availability  necessitated  the  change  to  a  25-mm  standoff  for 
the  firings  of  the  shorter,  lower-local-porosity  charges.  In  initial  probe 
firings,  charge  weights  were  assessed  such  that  the  maximum  spindle  pressures 
were  nearly  equivalent  to  that  of  the  155-mm,  M203  Propelling  Charge  at 
ambient  conditions,  or  about  330  MPa.  These  assessed  weights  were  employed 
throughout  the  balance  of  the  program.  Inert  Ml 01  Projectiles  were  used  for 
the  duration  of  the  study. 

C.  Firing  Results 

We  now  present  data  obtained  in  the  155-mm,  full-bore  firings  of  each  of 
the  lots  of  stick  propellants.  In  each  of  the  tabular  compilations  that 
follow,  the  results  shown  are  averages  of  three  to  five  shots,  with  sample 
standard  deviations  shown  in  parentheses.  Complete  round-by-round  data  are 
given  in  Appendix  B  for  all  of  the  stick-propellant  shots  as  well  as  for  155- 
mm,  M203  control  rounds.  Pressure- time  and  differential-pressure  plots  from 
each  shot  are  included  in  Appendix  C. 
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Figure  6.  Exploded  View  of  Test  Charge 


SPINDLE 


Figure  7*  Locations  of  Pressure  Taps  in  Modified  Ml 85  Cannon 


We  first  direct  our  attention  to  the  ambient,  baseline  firings  for  each 
of  the  stick-propellant  lots.  In  Table  1,  we  note  the  very  low  level  of 
pressure  waves  for  all  of  the  lots,  although  Lot  RAD- PE-480-55,  an  unslotted 
propellant,  had  a  pressure- wave  level  that  was  higher  than  the  others.  For 
comparison,  we  recall  that  the  smallest  average  initial  reverse-pressure 
gradient  attained  with  the  same  configuration  in  the  previous  granular- 
propellant  study^  was  on  ^Y\e  order  of  35  MPa,  and  that  was  achieved  with  37- 
perforation  propellant.  Similar  firings  with  standard  7-perforation 
propellant  yielded  an  average  level  of  nearly  90  MPa.  It  is  clear,  then,  and 
in  accord  with  our  intuition,  that  the  improved  permeability  of  the  stick 
propellant  bed  to  passage  of  igniter  and  propellant  gases  significantly 
affects  the  flow  dynamics  of  the  early  portion  of  the  interior  ballistic  cycle 
and  thus  greatly  reduces  the  attendant  level  of  pressure  waves.  With  the 
exception  of  the  muzzle  velocity,  discussed  below,  there  is  no  apparent 
dependence  of  any  of  the  variables  measured  on  the  geometry,  slotted  or 
unslotted. 

Some  further  observations  are  in  order  regarding  these  stick-propellant 
results.  Firstly,  the  variability  in  the  ignition  delays  are  rather  high. 
Presumably,  this  is  due  to  the  great  amount  of  interstitial  ullage  within  the 
charge,  allowing  igniter  gases  to  bleed  through  the  charge,  resulting  in 
reduced  pressurization  at  the  base  of  the  charge  and  lengthening  the  time 
before  the  rear  of  the  charge  is  ignited. 
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TABLE  1.  FIRING  DATA  FOR  FULL-LENGTH  STICK  PROPELLANTS 
AT  AMBIENT  TEMPERATURE 


Propellant 

Lot 

Charge 

Wt  (kg) 

Temp 

(°C) 

Muzzle 

Velocity 

(m/s) 

p 

,max, 

(MPa) 

-AP± 

(MPa) 

Ignition 
Delay  (ms) 

Slotted 

472-11 

11.11 

21 

822 

(6.2) 

329 

(5.0) 

1  .7 
(1.5) 

90 

(24.1) 

Unslotted 

472-12 

10.34 

21 

797 

(5.8) 

336 

(5.7) 

1 .8 
(1.2) 

57 

(28.2) 

Slotted 

480-53 

11.93 

21 

840 

(2.1) 

326 

(2.9) 

1  -7 

(0.9) 

111 

(11.2) 

Slotted 

480-54 

12.67 

21 

842 

(2.9) 

328 

(3.3) 

1  -3 
(0.9) 

59 

(12.4) 

Unslotted 

480-55 

10.79 

21 

810 

(5.4) 

325 

(7.1) 

4.5 

(2.3) 

60 

(15.1) 

More  importantly,  however,  it  is  apparent  that  we  do  not  fully  understand 
the  behavior  of  the  long  stick  propellant  grain  during  burning.  This  is  seen 
by  comparison  of  these  results  with  those  of  nominal  155-mm,  M203  performance 
(11.8  kg,  826  m/s,  330  MPa).  The  results  from  Lot  RAD-PE-472-1 1  ,  which  was 
made  to  be  a  direct  replacement  for  the  7-perforation,  granular  propellant  of 
the  M203,  indicate  essentially  equivalent  ballistics  at  a  lower  charge  weight, 
this  in  spite  of  the  degressivity  of  the  stick  geometry  as  compared  to  the  7- 
perf oration  geometry.  The  net  effect  of  the  stick  combustion  is  to  mimic 
progressivity  through  enhanced  burning  in  the  long  perforation,  possibly 
through  one  or  both  of  two  mechanisms.  An  increased  burning  rate  may  result 
from  erosive  burning  in  the  perforation  as  gases  move  from  the  perforation  to 
the  exterior  of  the  stick  through  the  end  or  slot  of  the  stick.  In  addition, 
the  combustion  within  the  perforation,  and  the  inability  of  the  gases  to 
escape  as  quickly  as  they  are  liberated,  may  lead  to  an  internal  pressure  that 
is  in  excess  of  that  outside  the  grain,  promoting  a  greater  gas-mass 
generation  rate.  We  also  note  that  Lot  RAD-PE-472-1 2 ,  the  unslotted-sti ck 
propellant  made  from  the  same  die  as  the  slotted  RAD-PE-472- 1 1 ,  yielded  a 
significantly  lower  charge  weight  and  velocity  at  an  equivalent  pressure, 
indicating  perhaps  that  pressurization  in  the  perforation,  with  no  relief 
through  the  slot,  ruptured  the  grains  relatively  early  in  the  cycle,  creating 
unprogrammed  burning  surface  and  destroying  the  subsequent  benefits  of 
enhanced  burning. 

Finally,  in  Appendix  B  we  note  that  the  gradient  of  the  peak  pressures 
between  the  rear  and  midchamber  locations  is  significantly  smaller  than  that 
between  the  midchamber  and  forward  locations,  especially  in  comparison  with 
the  granular,  M203  control  firings.  Possibly,  this  can  be  interpreted  as  a 
result  of  the  stick  charge  remaining  at  the  rear  of  the  chamber,  a  scenario 
consistent  with  the  relatively  smaller  drag  exerted  on  the  propellant  sticks 
by  the  igniter  and  combustion  gases. 
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Table  2  provides  the  firing  results  for  the  full-length  stick  propellants 
packaged  in  the  full-bore  configuration  at  the  high- temperature  extreme.  We 
note  that  even  though  the  results  at  ambient  conditions  yielded  very  low 
values  for  -AP-p  the  -AP^'s  at  these  elevated  temperatures  are  equivalent  or 
eve#  smaller  in  all  cases.  Indeed,  no  negative  excursions  of  the  pressure- 
difference  traces  were  found  with  two  of  the  lots  at  these  temperatures.  The 
peak  chamber  pressures  increased  in  comparison  to  those  obtained  at  ambient 
temperature,  but  not  uniformly  for  all  the  lots,  with  the  slotted-stick 
propellants  showing  a  larger  increase  than  the  unslotted-stick  propellants. 
This  phenomenon  will  be  discussed  more  fully  below.  Not  surprisingly,  the 
ignition  delays  at  these  higher  temperatures  were  considerably  shorter  than 
those  at  ambient  conditions,  and  the  variability  in  the  ignition  delay 
shortened  somewhat.  The  elevated  temperatures  resulted  in  an  increased  rate 
of  evolution  of  igniter  and  combustion  gases  sufficient  to  overcome  the 
effects  of  the  large  interstitial  volume  alluded  to  previously. 

In  Appendix  B,  we  again  note  the  relative  magnitudes  of  the  gradients  of 
the  peak  pressures  between  the  rear  and  midchamber  locations  and  between  the 
midchamber  and  forward  locations.  As  with  the  ambient  tests,  this  phenomenon 
is  probably  an  indication  that  the  stick  charges  remained  near  the  rear  of  the 
chamber  in  the  early  portion  of  the  interior  ballistic  cycle. 


TABLE  2.  FIRING  DATA  FOR  FULL-LENGTH  STICK  PROPELLANTS 
AT  ELEVATED  TEMPERATURES 


Muzzle 


Propellant 

Charge 

Temp 

Velocity 

P 

max 

-A  PA 

Ignition 

Lot 

Wt  (kg) 

(°C) 

(m/s) 

($?a) 

(MPa) 

Delay  (ms) 

Slotted 

11.11 

62 

858 

406 

1.9 

35 

472-11 

(6.1) 

(9.1) 

(0.9) 

(7.6) 

Unslotted 

10.34 

62 

825 

372 

2.1 

35 

472-12 

- 

(1.9) 

(1.4) 

(8.0) 

Slotted 

11.93 

63 

882 

404 

0.0 

30 

480-53 

(2.4) 

(4.3) 

(0.0) 

(2.4) 

Slotted 

12.67 

63 

899 

414 

0.0 

37 

480-54 

(1.0) 

(3.1) 

(0.0) 

(8.5) 

Unslotted 

10.79 

63 

832 

350 

1 .2 

30 

480-55 

(3.2) 

(6.1) 

(0.9) 

(5.0) 
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Table  3  presents  the  results  from  the  low- temperature  firings.  Here 
again,  the  -AP^s  are  very  low,  with  the  exception  of  that  recorded  by  Lot 
RAD-PE-472-1 2.  In  comparison  with  the  ambient  results,  the  pressures  were 
reduced  uniformly  for  all  of  the  lots.  Again,  with  the  exception  of  the  one 
lot,  an  examination  of  the  peak  pressures,  the  initial  reverse-pressure 
gradients,  and  the  sample  standard  deviations  of  the  peak  pressures  indicates 
that  there  was  no  gross  propellant  fracture.  Note,  however,  that  there  are 
some  modes  of  propellant  fracture  that  might  not  increase  the  surface  area 
significantly,  and  thus  would  not  be  apparent  in  these  data.  One  of  the  most 
noticeable  results  from  these  cold-temperature  firings  is  the  very  long 
ignition  delays  and  their  great  variability.  The  low  burning  rate  of  the 
M30A1  propellant  at  this  reduced  temperature,  coupled  with  the  low  pressure 
due  to  access  of  the  igniter  and  early  combustion  gases  to  the  large 
interstitial  volume,  delayed  charge  ignition  almost  to  the  point  of  hangfires 
for  some  of  the  lots. 


TABLE  3.  FIRING  DATA  FOR  FULL-LENGTH  STICK  PROPELLANTS 
AT  REDUCED  TEMPERATURES 


Propellant 

Lot 

Charge 

Wt  (kg) 

Temp 

(°C) 

Muzzle 

Velocity 

(m/s) 

p 

max 

(MPa) 

"A  P± 
(MPa) 

Ignition 
Delay  (ms) 

Slotted 

472-11 

11.11 

-53 

768 

(4.5) 

265 

(6.2) 

3.0 

(0.6) 

171 

(53.2) 

Unslotted 

472-12 

10.34 

-53 

755 

(3.7) 

279 

(2.9) 

9.6 

(3-5) 

203 

(124.8) 

Slotted 

480-53 

11.93 

-54 

776 

(3.0) 

270 

(2.5) 

0.4 

(0.8) 

291 

(132.6) 

Slotted 

480-54 

12.67 

-54 

780 

(3.4) 

272 

(4.0) 

0.9 

(0.8) 

294 

(16.3) 

Unslotted 

480-55 

10.79 

-54 

759 

(4.6) 

276 

(7.6) 

1 .5 
(1.4) 

425 

(73.6) 

21 


Table  4  displays  the  temperature  coefficients  AP/AT  for  the  five  stick- 
propellant  lots  investigated.  Recall  that  the  prime  motivation  at  the 
beginning  of  the  study  was  not  to  investigate  geometry-induced  differences  in 
the  temperature  coefficient,  although  such  a  determination  was  certainly  of 
interest.  Rather,  the  objective  was  to  determine  if  there  was  a  production- 
period  dependency  as  had  been  noted  with  granular  M30A1  propellants.  3  What 
emerged  from  these  tests  was  not  a  production-period  difference,  which  would 
have  been  manifested  by  a  disparity  of  the  coefficients  of  the  RAD-PE-480  and 
RAD-PE-472  lots,  but  indeed  a  dependency  of  the  coefficient  on  the  geometry, 
i.  e.,  on  the  presence  of  the  slot.  While  the  cold- to-ambient  coefficients 
are  essentially  the  same  for  all  the  lots,  regardless  of  geometry,  the 
ambient- to-hot  coefficients  for  the  slotted  lots  are  on  the  order  of  twice 
those  of  the  unslotted  lots.  It  is  possible  that  the  slotted-stick 
propellants,  being  pliable  when  hot,  may  suffer  closure  of  the  slot  either 
through  compression  from  neighboring  grains  (or  packaging  in  this  case)  or 
pressurization  by  interstitial  igniter  and  early  combustion  gases  before  they 
penetrate  the  perforation.  Later,  as  the  perforation  is  pressurized,  the 
slotted  propellant  may  rupture  in  instances  where  the  unslotted  propellant 
might  not,  due  to  the  lower  hoop  strength  of  the  slotted  stick.  Such  a 
rupture  of  the  slotted-stick  propellant,  and  its  absence  in  unslotted-stick 
propellant,  could  lead  to  increases  in  the  area  of  the  burning  surfaces  and 
hence  higher  pressures  in  the  former  case.  We  caution,  however,  that  further 
investigations  into  this  phenomenon  are  necessary  since  these  data  were 
gathered  for  small  sample  sizes  with  only  a  single  propellant  composition. 


TABLE  4.  STICK  PROPELLING  CHARGE  TEMPERATURE  COEFFICIENTS 


Propellant 

Lot 

Amb->-  Hot 
AP/AT 
(MPa/°C) 

Cold-*  Amb 
AP/AT 
(MPa/°C) 

Slotted 

472-11 

1.88 

0.86 

Unslotted 

472-12 

0.88 

0.77 

Slotted 

480-53 

1.86 

0.75 

Slotted 

480-54 

2.05 

0.75 

Unslotted 

480-55 

0.60 

0.65 

22 


The  preceding  tests  demonstrated  the  clear  superiority  of  stick 
propellant,  as  compared  to  granular  propellant,  in  reducing  ignition-induced 
pressure  waves.  As  a  further  investigation  of  the  efficacy  of  stick 
propellants  in  improving  the  interior  ballistic  hydrodynamic  environment, 
stick  charges  were  tested  in  a  more  stringent  flow  configuration,  one  in  which 
the  local  loading  density  was  increased  and  the  size  of  the  channels  between 
the  sticks  reduced.  We  present,  in  Table  5,  data  for  shortened-stick,  higher- 
local-loading-density  charges,  fired  at  21  °C.  For  these  shots,  the  sticks 
from  Lots  RAD- PE-472-1 1  and  RAD-PE-472-1 2  were  cut  to  a  length  of  533  mm. 
The  charges  were  fabricated  to  full-bore  dimensions  in  the  same  manner  as 
before,  necessitating  a  more  tightly  packed  spiral,  so  that  the  cross- 
sectional  loading  density  was  increased  by  approximately  22  percent.  Hardware 
availability  made  it  necessary  to  employ  a  different  spindle  for  these  tests 
than  had  been  used  previously,  with  the  result  that  the  charges  could  be  fired 
only  with  a  25-mm  standoff.  Since  these  charges  were  both  considerably 
shorter  and  denser  in  cross-section  than  the  ones  fired  before,  a  cardboard 
spacer  was  placed  between  the  charges  and  the  projectile  base  in  an  attempt  to 
preclude  charge  movement.  We  note  that  the  level  of  pressure  waves  rose  for 
the  unslotted  propellant,  and  there  are  some  breaks  on  the  pressure- time 
records  for  this  lot.  However,  the  level  of  pressure  waves  generally  remains 
low,  especially  in  comparison  to  the  earlier  granular  results, ^  indicative  of 
the  truly  permeable  nature  of  a  stick-propellant  bed.  The  peak  pressures  and 
muzzle  velocities  are  substantially  higher  than  those  obtained  with  the  same 
charge  weights  in  the  full-length  charges.  This  result  must  be  attributable 
in  some  way  to  the  increased  packing  density  of  the  propellant,  since  it  is 
incredible  that  the  slight  reduction  in  volume  produced  by  the  new  spindle  and 
cardboard  spacer  could  be  the  source  of  the  increase.  In  addition,  we  do  note 
one  effect  which  almost  certainly  resulted  from  the  more  closely  packaged 
sticks:  The  ignition  delays  are  substantially  reduced  in  comparison  with  the 
less  tightly  packed  sticks.  This  reduction  is  due  to  the  smaller  interstitial 
volume  to  which  the  igniter  and  early  combustion  gases  have  access,  leading  to 
higher  early  pressures  at  the  base  of  the  charge  and  thus  more  prompt 
ignition. 


TABLE  5.  FIRING  DATA  FOR  SHORTENED-STICK  PROPELLANTS 


Propellant 

Lot 

Charge 
wt  (kg) 

Temp 

(°C) 

Muzzle 

Velocity 

(m/s) 

p 

max 

(MPa) 

-APi 

(MPa) 

Ignition 
Delay  (ms) 

Slotted 

472-11 

11.11 

21 

849 

(0.9) 

357 

(4.4) 

2.0 

(2.1) 

25 

(3.1) 

Unslotted 

472-12 

10.34 

21 

818 

(2.8) 

346 

(8.7) 

7.4 

(4.0) 

24 

(3.4) 

23 


IV.  CONCLUSIONS 


We  have  presented  results  from  an  experimental  investigation  to  determine 
the  extent  to  which  stick  propellants,  due  to  their  very  low  drag  on  igniter 
and  early  combustion  gases,  mitigate  the  evolution  of  pressure  waves  in  charge 
assemblies  specifically  designed  to  promote  the  formation  of  such  waves. 
Particular  findings  from  this  study  include: 

a.  As  evidenced  by  the  reduced  level  of  pressure  waves,  stick 
propellants,  both  slotted  and  unslotted,  do  indeed  offer  a  greatly 
improved  flow  environment  in  comparison  to  granular  propellants,  even 
large  37-perforation  grains.  This  result  holds  even  when  the  local 
loading  density  is  increased,  i.  e.,  when  the  permeability  of  the 
charge  is  decreased. 

b.  An  increased  efficiency,  perhaps  the  result  of  an  artificial 
progressivity  of  the  slotted-stick  propellant,  was  noted  in  that  a 
given  velocity  could  be  obtained  at  the  same  pressure  as  with  a  7- 
perforation  grain,  but  at  a  significantly  lower  charge  weight  than 
would  be  required  for  granular  propellant.  Some  enhanced  burning  in 
the  perforation,  due  either  to  erosive  effects  or  increased 
combustion  linked  to  higher  internal  pressure,  was  advanced  as  the 
likely  source  of  this  phenomenon.  A  similar  result  was  not  found 
with  unslotted-stick  propellant.  In  this  case,  it  was  suggested  that 
the  grain,  due  to  internal  pressurization,  ruptured  before  the  effect 
noted  with  the  slotted-stick  propellant  could  be  realized. 

c.  The  temperature  coefficient  of  pressure,  AP/AT,  exhibited  a  strong 
dependence  on  the  stick  geometry.  While  the  ambient- to- cold 
coefficient  was  the  same  for  both  slotted  and  unslotted  geometries, 
the  ambient- to- ho t  coefficient  was  found  to  be  a  factor  of  two 
greater  for  the  slotted  geometry  than  for  the  unslotted 
configuration.  It  was  hypothesized  that  this  phenomenon  may  be 
traceable  to  the  relative  mechanical  strengths  of  the  two  geometries, 
and  rupture  of  the  hot-conditioned  slotted-stick  propellants  under 
conditions  in  which  the  unslotted-stick  propellants  remained  intact. 
We  caution,  however,  that  this  result  was  obtained  with  a  single 
propellant  composition  and  with  small  sample  sizes. 

d.  With  the  possible  exception  of  one  firing  series  (Lot  RAD-PE--472-1 2, 
cold)  gross  fracture  of  the  propellant  sticks  is  not  supported  by  an 
analysis  of  either  the  levels  of  peak  pressures  and  initial  reverse- 
pressure  gradients  or  variability  in  peak  pressures,  even  at  cold 
temperatures.  We  note,  however,  that  there  are  some  rupture 
scenarios,  such  as  lengthwise  splitting  of  the  sticks,  that  may  occur 
and  not  produce  anomalies  in  these  data. 

e.  There  was  some  evidence,  clouded  by  a  change  of  experimental 
apparatus  during  the  testing,  that  the  loading  configuration  may 
significantly  affect  the  overall  performance  of  a  stick-propellant 
charge,  both  slotted  and  unslotted,  in  terms  of  peak  pressure  and 
muzzle  velocity. 
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f.  The  long  ignition  delays  measured  in  this  study  are  probably  an 
artifact  of  the  particular  charge  configuration  chosen  for  this 
study.  Gases  generated  by  the  basepad  had  access  to  a  large 
interstitial  volume,  rather  than  remaining  in  the  rear  of  the  charge 
to  promote  rapid  ignition  of  the  charge.  In  the  charges  with  a 
relatively  smaller  interstitial  volume,  the  ignition  delays  decreased 
significantly. 


As  anticipated  prior  to  the  start  of  this  study,  stick  propellant  offers 
the  best  propellant-design  approach  to  the  mitigation  of  pressure  waves. 
Since  the  completion  of  this  study,  other  investigators  have  similarly 
demonstrated  the  efficacy  of  stick  propellants  for  the  reduction  of  ignition- 
induced,  flow-dynamic  phenomena. 9”  11  While  the  advantages  of  stick  over 
granular  propellants  have  been  demonstrated,  there  still  remain  several  areas 
of  concern  before  their  routine  application  to  propelling-charge  design. 
These  areas  include  stick  combustion,  including  enhanced  burning  in  the 
perforation,  stick  fracture,  interior  ballistic  hydrodynamic  effects,  erosion, 
manufacturing,  cost,  and  stick  blending  to  achieve  a  particular  charge 
assessment.  Investigations  are  currently  underway  at  the  Ballistic  Research 
Laboratory  into  the  first  three  of  these  areas,  '*•  and  a  Product  Improvement 
Program  for  the  155-mm,  M203  Propelling  Charge  will  address  many  of  the 
others. 
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U«l»*  ILl 

29.0  Nora 

- =4= - j 

c9 . 025  i 

j.  25Max 

0.07 

!  1 

Dtr»««*r(D> 

“OTItKTlTom 

U.JJ3  (0.305  ; 

J.125Mak  1.63 

sto«tf«ro  E-14— 73  (+90 

100.00%  100.00% 

*Hr1  31*  («) 

0.100  Nom 

0.100 

0.091 

DATES 

— M  4/11/79 

Fired  in  accdrdano< 

fc-  -with  M1L-STD- 

Web .  A  vet 

0 . 100  Nom 

0.107 

2186 .  Method  801.1: 

JL-2—s/.cc 

Slot-Tnne 

r 

N/A  10.007 

loading  density.  n< 

>m.  700  CC 

~0ut€ 

r 

N/A  10.008 

4/11/79 

.  d 

losed  .bomb  1_ j 

I 

Ta*t  Ei<w*h*4 

4/23/79 

°"""  4/30/79 

\  1 

1  - 

»M  Odtotitd/ 

It*  Da*,  la  % 

At  W»9  Armray 

20  Max 

N/A  | 4. 69 

!  I  : 

r  i ■ 

L.  0 

N/A 

0**cr»*ii*ft  $***r* 

r.r..r.**5/7/79 

0  * 

3  Nom  |  |3.25 

Typ*  *f  P*e*>»*  C*flt*i**r  — 


Wood  boxes  -  327199 


7  boxes  at  60  pounds"  each" 

1  box  at  52  pour.cs 


THIS  LOT  MEETS  SPECIFICATIONS. 


Contractor  *  *4*r#»a»t< 

C.  3.  Smith 


'n  !/ 


/• 

y 


-  / 


J. 


^•W»****t*ft*1 


U  r 0*»  >C  4  7  *  M44C*  l»n 
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PROPELLANT  DESCRIPTION  SHEET 


U  9  Atwy  Ltt  N«. . 


RAD-PE-480-54 


79 


.  Ca^aa»i*t*«  N«. 


M30A1,  Slotted  Stick  Propellant 


480  Pounds 


RADFORD  ARMY  AMMUNITION  PLAN'R  RADFQRp,  VA  ,ack.a  4(W#M- 

i  jMrMi  n«. _ DAA  AQ9"i71"*C— 032S  oa»  6t30-7l  s»»c »«»•»«»•*  COR  letter  SAARA—  IFf  darpd 


11  /227X8- 


ACCtPTCO  «t.CN0  NUWtCtl 

C-16277 


NITROCELLULOSE 


Nitra^a* 
Uattnvum  . 


A»*»*t*  LL-55.  ,  X 


st(Kcn(«a.3*c) 


45+ 


Sta»iH»»  (13*  3*C» 


30-f 


MANUFACTURE  OF  PROPELLANT 

0 JTL_  .  P»u««  Sat.aat  9t»  Pffu*«dry  Ca»aia»«»f  af  ..5Q  P*w««»  vestal  a»* 


ACL 


L  ix  too  N**i  Sai»«<* 


PwerMoji  * 

TEMPENAT 

!•«■•«  <•  Wtrr-'*  _ 

u«ES  UF 

1  PROCESS-SOLVENT  RECOVERY  AND  DRYING 

r.wt 

Frte 

!  TC 

"OUI  1 

Ambient 

Ambient 

Load  at  ambient  and  hold 

24 

Ambient 

104 

Increase  temperature  to  104 °7 

R 

104 

104 

Maintain  temperature  at  104°F 

IQ 

104 

131  i 

1  Increase  temperature  to 

5 

131 

.  131 

1  Maintain  temperature  at  131°F  ...... 

43 

131. 

.  140. .  1 

Increase  temperature  to  14Q°F  and  hold  40  hours 

s  4  r 

P»QPgt.L*Nr  CgMPC5iTiQN 


TESTS  OF  FINISHED  PROPELLANT 


Sf»8*LtTT  1*0  »MYSIC*L  tests 


Nitrocellulose 


28.00 


1.30 


28.58  L,g,  t..,SP  120V 


No  CC  40' 


60 '  + 


2LtHQ.ELy cg.rXiL- 


,22.50 


.  l.QQ. 


71.11  .No  Fumes 


60 1 


Nitroguanidine 


4  ZAO, 


±  l.QQ 


47. 79~  fy~>  a»  pnnm»t  Slott 


fed  Stick 


Cyld 


Ethyl  Centralite 


,.UL 


CLIO. 


1.46 


Jici^  .Perforations 


JL 


Potassium  Sulfate. 


1.00 


QAO 


I .  Q4 


Type „II 


TOTAL  . 


A(LQa.-^„ 


ino.no 


Absolute  Density 


~WT 


1.683 


Total  VaLatilea. 


n  sn 


-Max, 


n.ni 


Gralln  Weight  Avg 


l 


per  29"  Stick 


155.599 


CLOSED  BOMB 


b<TO 


PROPELLANT  DIMENSIONS  (inches) 


RAD-+PE-48Q-54 


+90 


81.24  I  100.37 


_ SpaciflcaiMNt 

29.0  Nom 


fi*>*»*< 

179730F 


J*»c  I  Actual 

T>.2jMax  0.06 


RAD4PE-480-54  -4Q 


72.79  1  98.63 


ideiaiLL. 


I 


(01 


0.318  Nom 


0.353 


0.322 


3.12  5Max  OT 


. . «  .  E-14-73  1+90 


100.00%  1  IOO.OO% 


0. 106  Nom 


0.106 


0.098 


Fired  in  accordance  with 

Method  i 801 . 1;  0.2  fe/cc  leading  density. 


HIL-STD-286 . 


Web .  Avg 


0. 106  Nom 


0.112 


llot, 


■NcM«  4/11/79 


Inner 


Nom. 7Q0  cc  closedlbomb. 


0.011 


Sa*t.a*  4/H/70 


Outer 


I  0.009 


v.a  O'Hxmi/ 

St*  Dat.w  1,  20  Ms-*- 

af  Wat  rTax 


3  Nom 


N/A 

"wx — 


5.71 


T.«  r ,*.»*+* 23/79 

Olftra*  4/3U//9 


3.28 


0**crifiiia  Skim 

' - **-5/7/79 


Ty*a  af  Pacatiif  Ca«»«t»ar_ 

Natttarka  . 


Wood  boxes  327199 


8  boxes  at  60  pounds  each. 


This  lot  meets  specifications  with  the  exception  of  percent  nitroglycerin. 


Cattiractsr  •  A«a*a*aatati*a 


C.  B.  Smith 


A  £j^a 


avwrwir 
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PROPELLANT  DESCRIPTION  SHEET 


...  RAD-PE-48Q-55 


79 


n.  M30A1,  Unslotted  Stick  Propellant 


.  P«tni  tiNuii 


480  Pounds 


«t  PAprORO  ARMY  AMMUNITION  PLANT.  RAQFQRQ.  VA 

•  JKtfttt  H«.  _  PAAA09-7I-C-0329  _ Oft*  6-3Q-7.1  COR  letter  SARRA-IE. 


n /12/7R 


dated 


Acecrreo  ilCno  Muuiets 


NITROCELLULOSE 


C-36277 

Nittafia  Ca*laat 

Kt  3ta»eM*3.3*C> 

4r*m«»T  (134  3*C J 

iMMfi  12.55  n. 

45+ 

30+  — 

Q  *  Nw««a  3*t*a*4  ft  /  O^T  w*i|M  i*fra4iaat*  Ca*t>atiaf  a»  . 

....  15  


MANUFACTURE  OF  PROPELLANT 


60 


.  auaai  veaftai 


40 


acetone.. 


»i" 


TEmoEwatuXLS  *t 


T" 


-J 


PROCESS-SOLVENT  RECOVERY  AND  DRYING 


Cara 


Ambient | Ambient t Load  at  ambient  and  hold 


-24. 


Ambienti  104  [  Increase-temperature  to  1Q4°F 


104  1  104  ;  Maintain  temperature  an  1Q41T 


JL3. 


104 


131.  Increase  temperature  to  131°F 


131 


131  1  Maintain  temperature  at  131°P 


JlL 


11L 


14Q  i  Increase -temperature  to  14Q°F  and  hold  40  hours 


5  +  40 


»«0»CU.*NT  C3WC31TIQN 


TESTS  OF  FINISHED  PROPELLANT 


5TAt<L*TT  in  Q 


IT3ICAC  TESTS 


I 


SirT2UvC‘ 


So "cmr 


Actual 

■5crr+- 


Nitrocellulose 


28 . 00  ,±  1.30 


28, 19  |  Ten 


Nitroglycerin 


-i.i  ,QQ 


27.04  I  No  Fumes 


60' 


Nltro guanidine 


47.00  ±  1.00 


JlLJJL 


rn*  PfHiHUl 


Unslc 


tted  SticL  Cyld 


■S^fayL-Gsntralire, . 


1.5Q 


±  0.10 


■1 Jal. 


No.  Perforations 


Potassium  Sulfate 


1.00 


Pi  3Q 


1 1 Q4 


Type  II 


TOTAL 


IQQiQQ. 


100.00 


Absolute  Density 

g  fee 


Total,  Volatiles 


Q.5Q 


.Max.. 


0.16 


'1.683 


Grain  Weight  Avp 


44.721 


per  29"  Stick 


CLOSED  BOM9 

PROPELLANT  DIMENSIONS  (inchts) 

Sta  dev 

j  Laf  Nufntaf 

Tf*  •* 

la  % 

TiIf  RADtPE-480-5p 

+90 

91.90  199.42 

Spaoflcatia* 

0-a 

PiaaaaM 

)  Actual 

RAD-PE-480-55 

-40 

8i.96 198.31 

T2^.0  Nom 

1257029 

6.25Maz  Ofll 

j 

.  ! 

O.mmtt  I0> 
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0.287 
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OATH 

'«*•'  4/11/79 

g*2am ! i 

1 

Wev  Avg 
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0.1003 
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I  MIL-STD-286, 

Method 

80.1.;  0.2s?!/cc  lc 

ading  density. 

* 

s..„.  4/11/79 

nom.  7( 

)0  cc  closed]  bomb. 
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’•«  ''T/23/79 
4/30/79 
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1 

L 

6<4ara«Ka/ 

Stc  Oaa  la  % 
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20  Max 
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| 

! 

LO 
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5/7/79 

! 

< 

0  « 

3  Nom  | 

3.30 

Ttm  *'  Pacing  C*a***aar_ 

R(««rla  — 


Wood  boxes  -  327199 
8  Boxes  at  60  pounds^  each 


This  lct  jgeets  specifications  vitlL  the  exception  of  ethvl  centralite. 


C«*>rict*r't  ■aaf***"*' *»*• 


it  *~a»  toara  aaacM  1 1 n 
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APPENDIX  B 

TABULATION  OF  FIRING  DATA 
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APPENDIX  B 

TABULATION  OF  FIRING  DATA 
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(Std  Dev)  6.2  5.0  -  4.4 


[DENT  PROPELLANT  CONFIGURATION  CHG  CHG  PROJ  STAND  SEAT  VELOCITY  MAX  CHAMBER  PRESS  — A IGNITION 

NO  &  LOT  &  LOAD  WT  TEMP  WT  OFF  SPIN  MID  FOR  DELAY 
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IDENT  PROPELLANT  CONFIGURATION  CHG  CHG  PROJ  STAND  SEAT  VELOCITY  MAX  CHAMBER  PRESS  -AP±  IGNITION 

NO  &  LOT  &  LOAD  WT  TEMP  WT  OFF  SPIN  MID  FOR  DELAY 

(kg)  (°C)  (kg)  (mm)  (cm)  (m/s)  (MPa)  (MPa)  (MPa)  (MPa)  (ms) 
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Missed  acquisition  window  due  to  variations  in  ignition  delays 


IDENT  PROPELLANT  CONFIGURATION  CHG  CHG  PROJ  STAND  SEAT  VELOCITY  MAX  CHAMBER  PRESS  -AP±  IGNITION 

NO  &  LOT  &  LOAD  WT  TEMP  WT  OFF  SPIN  MID  FOR  DELAY 

_ (kg)  (°C)  (kg)  (mm)  (cm) _ (m/s) _ (MPa)  (MPa)  (MPa)  (MPa)  (ms) 
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IDENT  PROPELLANT  CONFIGURATION  CHG  CHG  PROJ  STAND  SEAT  VELOCITY  MAX  CHAMBER  PRESS  -AP.  IGNITION 

NO  &  LOT  &  LOAD  WT  TEMP  WT  OFF  SPIN  MID  FOR  DELAY 

_ (kg)  (°C)  (kg)  (mm)  (cm)  (m/s)  (MPa)  (MPa)  (MPa)  (MPa)  (ms) 
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APPENDIX  C 


PLOTS  OF  SPINDLE  PRESSURE  (SOLID  LINE), 
FORWARD  PRESSURE  (DASHED  LINE), 


AND  PRESSURE  DIFFERENCE  VERSUS  TIME 
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M30m  SLOTTED  STICK,  LOT  RRD-PE-472- 1 1 ;  21C 
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M30R1  SLOTTED  STICK,  LOT  RRD-PE-472- 1 1 ;  21C 
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M30R1  SLOTTED  STICK,  LOT  RRD-PE-472- 1 1 ;  62C 
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M30R1  UNSLOTTED  STICK,  LOT  RRD-PR-472- 1 2 ;  62C 
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M30R 1  SLOTTED  STICK,  LOT  RRD-PE-472- 1  I ;  -53C 
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M30R1  SLOTTED  STICK,  LOT  RRD-PE-472- 1 1 ;  -53C 
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this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  place 
in  the  mail.  Your  comments  will  provide  us  with  information  for 
improving  future  reports. 

1 .  BRL  Report  Number _ 

2.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related 
project,  or  other  area  of  interest  for  which  report  will  be  used.) 


3.  How,  specifically,  is  the  report  being  used?  (Information 
source,  design  data  or  procedure,  management  procedure,  source  of 
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4.  Has  the  information  in  this  report  led  to  any  quantitative 
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avoided,  efficiencies  achieved,  etc.?  If  so,  please  elaborate. 


5.  General  Comments  (Indicate  what  you  think  should  be  changed  to 
make  this  report  and  future  reports  of  this  type  more  responsive 
to  your  needs,  more  usable,  improve  readability,  etc.) _ 


6.  If  you  would  like  to  be  contacted  by  the  personnel  who  prepared 
this  report  to  raise  specific  questions  or  discuss  the  topic, 
please  fill  in  the  following  information. 
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